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1
PHARMACEUTICAL OR VETERINARY
ANTIVIRAL COMPOSITIONS

RELATED APPLICATION DATA

This application is a National Stage application under 35
U.S.C. 371 of PCT application PCT/EP2010/069023 desig-
nating the United States and filed Dec. 7, 2010; which claims
the benefit of FR patent application number 0958810 and
filed Dec. 9, 2009 and U.S. provisional application No.
61/267,997 and filed Dec. 9, 2009, each of which are hereby
incorporated by reference in their entireties.

The invention relates to compositions used to treat viral
infections and in particular to treat pathologies related to
influenza virus infection in man and animals.

The molecules responsible for the flu are the influenza
viruses, which are divided into three types: A, B and C.
Located on the surface of the viruses are two glycoproteins
which play an important role in the infection of cells of the
infected organism: hemagglutinin (HA) and neuraminidase
(NA). There are various influenza A virus subtypes accord-
ing to the nature of the HA and NA glycoproteins on their
surface: 16 types of HA and nine types of NA have been
identified in viruses circulating among migratory sea birds.
In man, with viruses circulating for several decades, sub-
types HIN1, H2N2 and H3N2 are found, with occasional
interspecies transmission (from animal to man) of avian
viruses H5N1, H7N7, H5N2 and HIN2. Influenza viruses
can thus be defined by the type of protein on their surface.

As the recent emergence of a new pandemic HIN1
influenza virus of porcine, avian and human origin demon-
strates (porcine, avian and human reassortant virus), influ-
enza A viruses are a serious threat to public health. Flu
pandemics are the result of antigenic shifts corresponding to
the appearance of viruses bearing new surface glycoproteins
(HA and NA) in the human population. These shifts can be
due to the direct transmission in man of avian viruses (the
case of epidemics of highly pathogenic avian H5N1 since
2003 in Asia or of the H7N7 influenza epidemic in the
Netherlands in 2003). Antigenic shifts can also be due to a
genetic rearrangement between avian, porcine and human
viruses, with pigs playing the role of intermediate host. This
genetic readaptation is the source of the current HIN1
pandemic. Furthermore, seasonal flu epidemics are a major
cause of increased morbidity and mortality, especially in the
very young, the old, the immunosuppressed and those with
cardiopulmonary disease.

Vaccination remains the cornerstone of flu prevention.
However, when a new virus appears, time is needed for its
development (six to nine months) and the use of antiviral
drugs must be considered for treatment or prevention. Cur-
rent antivirals are M2 channel inhibitors (amantadine) and
neuraminidase inhibitors (zanamivir and oseltamivir). The
use of these drugs can be limited by the rapid appearance of
resistance, which has already appeared for the pandemic
HINI virus (genetic drift by accumulation of mutations).
Moreover, it cannot be excluded that new emerging viruses
are also resistant to these molecules. Finally, most of these
molecules cannot be administered systemically, which poses
a problem in the event of serious infections. It thus appears
necessary to develop new antivirals that have a broad
spectrum of action and that are easier to administer.

International application WO 2007/044752 relates to
compositions to treat skin disorders. These compositions
comprise an alpha-adrenergic receptor antagonist such as
midodrine. This document comprises no disclosure or teach-

40

45

2

ing as to the use of products comprising midodrine or
desglymidodrine to treat viral infections.

International application WO 2009/065116 relates to
methods for treating purpura with compositions comprising
midodrine and another active agent, which can be an anti-
viral. This document does not describe the use of products
comprising midodrine or desglymidodrine to treat viral
infections.

A solution for the development of new broad spectrum
therapies is to aim at the cellular factors essential to viral
replication. This strategy was notably developed with rela-
tive success against retroviruses. In the context of the
present invention, several molecules were selected and
evaluated in a cellular test of viral infection. Certain mol-
ecules had an antiviral effect not only on a set of reference
influenza viruses (HIN1, H3N2, HSN2, H7N7 and H5N1),
but also on the pandemic HIN1 virus (A/California/07/
2009) and related field strains.

The selected compounds had been described as active
ingredients in the treatment of pathologies quite removed
from viral infections. Unexpectedly, it has now been shown
that these compounds have antiviral activity and in particu-
lar anti-influenza activity against various influenza virus
subtypes.

SUMMARY OF THE INVENTION

The invention relates to pharmaceutical or veterinary
compositions for use to prevent or treat viral infections,
comprising at least one compound selected from midodrine,
desglymidodrine, harmol, harmol dimers, brinzolamide, ril-
menidine and derivatives thereof.

In a first embodiment, at least one compound is selected
from midodrine, desglymidodrine and derivatives thereof.

In a second embodiment, at least one compound is
selected from harmol, harmol dimers and derivatives
thereof.

In a third embodiment, at least one compound is selected
from brinzolamide and derivatives thereof.

In a fourth embodiment, at least one compound is selected
from rilmenidine and derivatives thereof.

In a preferred embodiment, the pharmaceutical or veteri-
nary compositions of the invention are for use to prevent or
treat influenza virus infections (influenza virus A, B and C).

Preferentially, the pharmaceutical or veterinary composi-
tions of the invention further comprise a suitable pharma-
ceutical carrier.

Preferentially, the pharmaceutical or veterinary composi-
tions of the invention further comprise another antiviral or
anti-influenza agent.

Preferably, the antiviral or anti-influenza agent is selected
from oseltamivir, zanamivir, peramivir, amantadine, riman-
tadine, ribavirin and arbidol.

The invention further relates to a product comprising a
compound selected from midodrine, desglymidodrine, har-
mol, harmol dimers, brinzolamide and rilmenidine, as well
as another antiviral agent as a combination product for
simultaneous, separated or staggered use in therapy, and in
particular in the prevention and treatment of viral infections.

The invention further relates to the use of at least one
compound selected from midodrine, desglymidodrine, har-
mol, harmol dimers, brinzolamide and rilmenidine and
derivatives thereof for the manufacture of a drug to prevent
or treat influenza.

DESCRIPTION OF THE INVENTION

The present invention relates to pharmaceutical or veteri-
nary compositions for the prevention and treatment of viral
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infections in man and in animals and more particularly for
the treatment of influenza. These compositions comprise at
least one compound selected from midodrine, desglymido-
drine, harmol, harmol dimers, brinzolamide and rilmenidine
and derivatives thereof. These compounds are known for use
in other therapeutic applications with no relation to antiviral
activity in man or animals. It is now demonstrated that these
compounds, unexpectedly, have antiviral activity and in
particular anti-influenza activity against various subtypes of
influenza virus A and influenzas B and C.

Midodrine has been described for the treatment of ortho-
static hypotension. It is a prodrug that after hydrolysis yields
desglymidodrine, which is the active metabolite of mido-
drine.

Various pharmaceutically acceptable salts of midodrine or
of desglymidodrine can be used in the compositions of the
present invention, and preferably the midodrine is in the
form of midodrine hydrochloride represented below:

0
HOCHCH,NHCCNH,NH,

OCH; HCl

H;CO

Acetamide, 2-amino-N-[2-(2,5-dimethoxyphenyl)-2-
hydroxyethyl]-monohydrochloride, (£)-; (2)(z)-2-
amino-N-(p-hydroxy-2,5-dimethoxyphenethyl)acet-
amide monohydrochloride

For the antiviral treatment of an adult, the amount of
midodrine administered is preferably between 1 mg and 30
mg per day, more preferentially between 7.5 mg and 15 mg
per day.

Harmol is one of the alkaloids extracted from Peganum
harmala and this compound has been described for antitu-
mor activity.

Harmol is represented below:

HO

Tz

CH;

1-Methyl-9H-beta-carbolin-7-0l

Various pharmaceutically acceptable harmol salts can be
used in the compositions of the present invention, and
preferably the harmol is in the form of harmol hydrochlo-
ride.

The compositions with antiviral activity and, more par-
ticularly, anti-influenza activity of the present invention can
further comprise a harmol dimer. Harmol dimers are notably
described in international application WO 2009/047298:
these harmol dimers have reduced cytotoxicity.

Harmol dimers are preferably of the following general
formula:

10

15

20

25

30

35

40

45

50

55

[
<

65

\ /

wherein N is an integer between 2 and 10 and preferably
between 3 and 5.

In a preferred embodiment of the present invention, the
harmol dimer has the following formula:

<// \EN

For the antiviral treatment of an adult, the dose of harmol
or of harmol dimer administered is typically between 0.5 mg
and 100 mg per day, more preferentially the dose adminis-
tered is between 1 mg and 50 mg per day.

Brinzolamide is a carbonic anhydrase inhibitor used by
ocular route in the treatment of intraocular hypertension and
open-angle glaucoma.

\\//

\O/\/\N/
s—NH2

(R)-(+)-4-Ethylamino-2-(3-methoxypropyl)-3,4-
dihydro-2H-thieno[3,2-¢]-1,2-thiazine-6-sulfona-
mide-1,1-dioxide

For the antiviral treatment of an adult, the dose of
brinzolamide administered is typically between 0.5 mg and
100 mg per day, more preferentially the dose administered
is between 1 mg and 50 mg per day.
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Rilmenidine has been described as an antihypertensive
drug. Its chemical formula is

Various pharmaceutically acceptable rilmenidine salts can
be used in the compositions of the present invention, and
preferably the rilmenidine is in the form of rilmenidine
dihydrogen phosphate.

For the antiviral treatment of an adult, the dose of
rilmenidine administered is between 1 mg and 50 mg per
day, preferably between 1 mg and 10 mg per day and more
preferentially the dose administered is 4 mg per day.

The pharmaceutical or veterinary compositions of the
invention have antiviral activity and are suitable to prevent
or treat various viral infections. In particular, the pharma-
ceutical or veterinary compositions are used to prevent or
treat influenza virus infections (influenza A, B and C).

Advantageously, the compositions of the present inven-
tion have broad-spectrum activity against various types of
influenza viruses (types A, B and C).

In another embodiment, the compositions of the present
invention are to prevent and treat type A and type B virus
infections.

In another embodiment, the compositions of the present
invention are to prevent and treat type A virus infections
circulating primarily in man and in animals.

In another embodiment, the compositions of the present
invention are to prevent and treat type B virus infections
circulating in man.

In another embodiment, the compositions of the present
invention are to prevent and treat infections by type C
viruses circulating in man and in pigs.

The invention thus relates to the prevention and treatment
of influenza virus infections in man.

The invention further relates to the prevention and treat-
ment of influenza virus infections in animals, in particular in
domesticated animals such as pigs, horses and poultry. More
particularly, the invention relates to the prevention and
treatment of influenza virus infections in poultry and more
particularly in hens, ducks, geese and turkeys. The invention
further relates to the prevention and treatment of influenza
virus infections in other animals such as, for example, cats,
dogs and felids.

The present invention further relates to the prevention and
treatment of other viral infections.

Preferably, the pharmaceutical or veterinary compositions
of the invention comprise an active compound in a suitable
pharmaceutical carrier.

These compositions can be formulated for administration
to mammals, including man. Dosing varies according to the
treatment and to the affection concerned. These composi-
tions are typically prepared in such a way as to be able to be
administered by the digestive or parenteral route.

In the pharmaceutical compositions of the present inven-
tion for oral, sublingual, subcutaneous, intramuscular, intra-
venous, transdermal, ocular, local or rectal administration,
the active compound can be administered in unit dose forms
of'administration, in mixture with traditional pharmaceutical
supports, in animals or in humans. Suitable unit dose forms
of administration comprise oral forms such as tablets, gela-
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tin capsules, powders, granules and oral solutions or sus-
pensions, sublingual and buccal forms of administration,
subcutaneous, intramuscular, intravenous, intranasal or
intraocular forms of administration and rectal forms of
administration.

When a solid composition in tablet form is prepared, the
principal active ingredient is mixed with a pharmaceutical
carrier such as gelatin, starch, lactose, magnesium stearate,
talc, gum arabic or analogs. Tablets may be coated with
sucrose or other suitable materials or may be treated in such
a way that they have extended or delayed activity and that
they continuously release a predetermined quantity of active
principle.

A preparation in gelatin capsules is obtained by mixing
the active compound with a diluent and by pouring the
mixture obtained into soft or hard gelatin capsules.

A preparation in syrup or elixir form may contain the
active ingredient together with a sweetener, an antiseptic, as
well as a flavoring agent and a suitable colorant.

Water-dispersible powders or granules may contain the
active ingredient in mixture with dispersion or wetting
agents, or suspension agents, as well as with flavor correc-
tors or sweeteners.

Midodrine, desglymidodrine, harmol, harmol dimers,
brinzolamide and rilmenidine, derivatives thereof or mix-
tures thereof can be employed in therapy alone or in com-
bination with at least one other active agent. These can be
adjuvants for improving the activity of the compounds, or
other active agents known for their use in the treatment of
viral infections. Such active agents are well-known to those
persons skilled in the art and are available commercially or
are described in reference works such as Le Dictionnaire
Vidal. These other active agents can in particular be selected
from the active agents suitable to treat viral infections and
more particularly to treat influenza virus infections.

Preferably, the antiviral or anti-influenza agent is selected
from oseltamivir, zanamivir, peramivir, amantadine, riman-
tadine, ribavirin and arbidol.

The invention further relates to a product comprising a
compound selected from midodrine, desglymidodrine, har-
mol, harmol dimers, brinzolamide and rilmenidine, as well
as another antiviral agent as a combination product for
simultaneous, separated or staggered use in therapy, and in
particular in the prevention and treatment of viral infections.

The invention further relates to the use of at least one
compound selected from midodrine, desglymidodrine, har-
mol, harmol dimers, brinzolamide, rilmenidine, and deriva-
tives thereof for the manufacture of a drug to prevent or treat
influenza.

The invention further relates to therapeutic methods to
treat viral infections and more particularly influenza virus
infections in man wherein an effective quantity of a com-
pound selected from midodrine, desglymidodrine, harmol,
harmol dimers, brinzolamide, rilmenidine and derivatives
thereof is administered to a patient.

The invention further relates to therapeutic methods to
treat viral infections and more particularly influenza virus
infections in animals wherein an effective quantity of a
compound selected from midodrine, desglymidodrine, har-
mol, harmol dimers, brinzolamide, rilmenidine and deriva-
tives thereof is administered to an animal. Advantageously,
the animal is a domesticated animal such as, for example, a
pig, horse, chicken or turkey, dog, cat, etc.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: Determination of the zones of cytotoxicity of the
molecules
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FIG. 2: Evaluation of the antiviral activity of the mol-
ecules on various viruses

FIG. 3: Evaluation of the activity of the molecules on the
viruses and their cell entry

FIG. 4: Table summarizing the antiviral properties of the
molecules

EXAMPLES

A. Infection of Human A549 Cells by
Representative Human and Avian Influenza A
Viruses

A549 (lung carcinoma) cells are maintained in culture in
Dulbecco’s Modified Eagle Medium (DMEM, BioWhit-
taker) supplemented with 10% (v/v) fetal calf serum, 2 mM
L-glutamine, 100 U/ml penicillin and 100 pg/ml streptomy-
cin, in an incubator at 37° C., in an atmosphere saturated
with moisture containing 5% CO,. At confluence, the cells
are detached from the support by treatment with trypsin-
EDTA and are re-seeded in a culture flask containing 15 ml
of fresh medium. Three days before the infection step,
0.75-10° cells are distributed in 25 cm® (T25) flasks in
medium with 10% fetal calf serum in such a way as to obtain
70-80% confluence during the infection (the number of cells
is estimated at 3-10° cells/T25). The cells are infected by the
various influenza A viruses with an MOI of 0.1 in DMEM,
2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml strep-
tomycin and 0.5 pg/ml trypsin (five flasks per virus).

The viruses used are strains of human (HIN1 A/New
Caledonia/20/99, H3N2 A/Moscow/10/99) and avian influ-
enza A viruses (H5N1 A/Turkey/582/2006, HSN2 A/Finch/
England/2051/94, H7N1 A/Chicken/Italy/2076/99).

B. Cytotoxicity Test and Evaluation of the Antiviral
Activity of the Molecules

The potentially antiviral molecules were tested ex vivo on
A549 cells. All the molecules were dissolved in water except
rilmenidine which was taken up in DMSO and brinzolamide
which was tested with its excipients in Azopt ophthalmic
suspension.

These molecules are tested on A549 cells at 100% con-
fluence in 96-well plates (prepared three days before with
0.15-10° cells/well in such a way as to obtain 100% conflu-
ence only on the day of the test). The cells are incubated for
6 h with various concentrations of molecules diluted in 150
ul of infection medium per well and then 50 pl per well of
viral suspension is added (or 50 ul infection medium in the
plate of uninfected cells). A cytotoxicity test and a virus
quantification test are carried out after 65 h of incubation at
37° C. under 5% CO,.

Cytotoxicity of the various molecules is determined in
each test in a plate of uninfected cells by a Neutral Red test,
which is a vital dye of lysozymes. After incubating the cells
for 3 h in the presence of 1.55% Neutral Red and fixing for
one minute with a formol/calcium mixture (40%/10%), the
cells are lysed with 2% acetic acid and absorbance is read at
550 nm. The ratio of absorbance in each well to mean
absorbance of the control cell wells (not treated with the
molecules) is calculated and indicated on the diagrams as a
cell viability index. The results are represented molecule by
molecule in FIG. 1. These results are a compilation of five
independent tests. They make it possible to define the
concentrations of molecules resulting in 50% cytotoxicity
(CCsp): brinzolamide starting from 665.5 mM, 95 mM
harmol and 1125 mM rilmenidine.
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The effect on viral production is tested on human (HIN1
A/New Caledonia/20/99, H3N2 A/Moscow/10/99) and
avian influenza A virus strains (H5SN1 A/Turkey/582/2006,
H5N2 A/Finch/England/2051/94, H7N1 A/Chicken/Italy/
2076/99) with two multiplicities of infection (MOI):
MOI=0.2 and MOI=2. After 65 h of infection, the quantity
of virus produced is estimated by a neuraminidase activity
test. For this test, 25 pl of viral suspension is incubated for
1 h at 37° C. with 75 pl of MUN substrates (5 mM) diluted
extemporaneously to 1/75 in MES (32.5 mM) CaCl, (4 mM)
reaction buffer, pH 5.8. The reaction is quenched with 150
ul of glycine buffer (50 mM, pH 10.4) and then read on a
fluvorometer (k.. 355 nm and A,,, 460 nm). In the same
manner as for cytotoxicity, the ratio of fluorescence intensity
in each well to the intensity of mean fluorescence of the
control cell wells (not treated with the molecules) is calcu-
lated and indicated on the diagrams as a viral production
index.

In each test, each concentration of molecules is tested in
two wells (duplicate). The concentration range was selected
according to the cytotoxicity results represented in FIG. 1.
The results, from two independent tests, are represented
molecule by molecule for each virus in FIG. 2.

C. Evaluation of the Molecules on Infection
Efficiency (Viral Entry)

According to our hypothesis, antiviral molecules have an
effect on cell metabolism by inducing a cellular context that
is not favorable to infection. To prove that the drugs tested
act specifically on cell state and not on the virus and its
capacity to infect cells (alteration of the viral membrane,
inhibition of viral surface glycoproteins HA and NA, com-
petitive agonist on the cell receptors of influenza viruses,
etc.), two parallel tests were carried out on the H3N2 virus.

The first test consists of incubating undiluted virus for 15
h at 37° C. with various concentrations of the molecules c as
described above. A dilution to 1/3 in fresh infection medium
is then prepared and 50 pl of this dilution is used per well of
MWO96 to infect confluent A549 cells previously washed and
in 150 pl of fresh infection medium. After 15 minutes of
infection, the medium is removed, the cells are rinsed twice
and 200 pl of medium is added per well. During these 15
minutes of infection, the drugs are at a final concentration of
¢/48, it is estimated that this concentration is too low and the
contact time with the cells is too short to induce a cellular
effect. The virus is diluted to 1/16 final, which leads, for the
drug-free controls, to a signal that is quantifiable and not
saturating at the end of the test. After 5 hours (which
represents an infection cycle), the number of infected cells
is estimated by quantifying cellular neuraminidase. If the
number of infected cells is less than the drug-free control,
this indicates that the virus has been disrupted or destroyed
during the 12 h of incubation with the molecule.

The second test consists of incubating the cells with drugs
for 15h at 37° C. carried out in the same manner as the first
6 hours of incubation described above. After 24 h, the cells
are washed twice in medium and incubated with 150 ul of
fresh infection medium per well. Infection is carried out for
15 minutes by adding 50 pl/well of virus diluted to 1/16
(thus to 1/64 final) and then the cells are rinsed twice and
200 wl of medium is added per well. After 5 h, the number
of infected cells is estimated by quantifying cellular
neuraminidase. In this test, the viruses are never in contact
with the drugs. If the cells treated beforehand with the
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molecules are less infected than the controls, this shows that
the molecules had an action on the cell to induce an antiviral
environment.

To quantify cellular neuraminidase in these two tests at
the end of 5 h of infection, the cells are washed in PBS and
then lysed with 25 pl/well of 1x Triton in PBS for 1 h at
room temperature with agitation. This 25 ul of lysate is
incubated for 1 h at 37° C. with 75 pl of MUN substrates (5
mM) diluted extemporaneously to 1/75 in MES CaCl,
reaction buffer. The reaction is quenched with 150 ul of 50
mM glycine buffer and is read on a fluorometer (A, . 355 nm
and A, 460 nm).

The results of these two tests are presented in FIG. 3 and
show that the effect of the molecules described in B (FIGS.
1 and 2) is always predominant on the cells, compared with
the direct effect on the viruses.

D. Evaluation of the Molecules on Pandemic HIN1
Virus Production

The molecules were evaluated for their antiviral activity
on pandemic HINT1 virus by following the same procedures
and experimental conditions described above (A and B).

For these tests, the virus was tested with an MOI of 2 in
two independent procedures. The results are represented in
FIG. 2.

The results obtained with pandemic HIN1 virus are
completely consistent with those obtained with the viruses
chosen beforehand for the study. The molecules harmol and
midodrine are also characterized by antiviral activity. In
terms of the molecules brinzolamide and rilmenidine, which
demonstrated antiviral activity only for certain viruses, they
do not seem to have an impact on pandemic HIN1 virus
under the conditions tested.
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E. Summary of the Properties of Each Molecule on
the Viruses

The selectivity index of the molecules is the ratio between
CC,, and EC,,,. It is an accepted fact that a weak inhibitor
has an SI between 2 and 10, a moderate inhibitor has an SI
between 10 and 50 and a strong inhibitor has an SI greater
than 50.

According to our results (see FIG. 4), midodrine is a
moderate inhibitor and the other molecules are weak-to-
moderate inhibitors.

Midodrine inhibits the infectious cycle of all the viruses
tested except H7N1 virus. Harmol inhibits the infectious
cycle of H3N2, H5N2 and H5N1 viruses and of low-MOI
pandemic HIN1 virus.

Brinzolamide inhibits primarily the infectious cycle of
H3N2 virus and low-MOI HIN1 and H7N1 viruses.

Rilmenidine inhibits the infectious cycle of H3N2, HIN1
and H5N2 viruses.
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The invention claimed is:

1. A pharmaceutical or veterinary composition comprising
midodrine and oseltamivir.

2. The pharmaceutical or veterinary composition accord-
ing to claim 1, further comprising a suitable pharmaceutical
carrier.

3. A product comprising at least midodrine and oseltami-
vir as a combination suitable for simultaneous, separated or
staggered administration.

4. A method to treat influenza virus infections wherein a
composition comprising midodrine and oseltamivir is
administered to a patient in need thereof.
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